Characterization of GD film
The morphologies of the GD films were characterized using a scanning electron microscope (SEM Hitachi S-4800, operated at 15 kV) equipped with an X-ray energy dispersive spectrometer (EDS) and an atomic force microscope (NT-MDT). For characterization using X-ray photoelectron spectroscopy (XPS, ESCA Lab2201-XL), Raman spectra were recorded at room temperature using an NT-MDT NTEGRA Spectra system with excitation from an Ar laser at 473 nm. A slide presenting GD films was immersed in 0.1 M HCl (5 mL) for 10 min. The slide was removed from the HCl solution and then a droplet of the GD film that was floating on the surface of the water was transferred to a silicon slide, which was washed several times with distilled water. After drying at 100 °C for 1 h under vacuum, the sample was characterized using XPS, Raman spectroscopy, and SEM. The GD films were transferred to a copper screen and then the samples were characterized using TEM, HRTEM, and SAED patterning using a Hitachi-2010 apparatus equipped with an X-ray energy dispersive spectrometer (EDS) and operated at 200 kV. The GD films were transferred to a quartz glass substrate for measurement of UV-VIS-NIR spectrum with a V-570 UV-VIS-NIR spectrophotometer (JASCO, Japan).
Preparation of GD film device and I-V measurements
In general, the samples of GD films from VLS were immersed in 3 M aqueous HCl to dissolve the ZnO nanorod arrays and then they were washed with pure water to a pH of approximately 7.
The as-prepared GD film was transferred onto the OTS-SiO 2 /Si substrate (thickness of OTS and SiO 2 : 100 and 300 nm, respectively) featuring patterned Au electrodes. Current-voltage (I-V) S4 characteristics of the devices were recorded at room temperature in air using a Keithley 4200 SCS apparatus and a Micromanipulator 6150 probe station. The device fabrication process was performed as follows: Au source and drain electrodes were thermally deposited on a SiO 2 (300 nm)/Si + substrate through a shadow mask, resulting in a channel length of 80 μm. The substrate was then placed into the GD solution; by carefully controlling the position and movement of the substrate in the solution, the GD film was attached onto certain areas of the substrate surface, with some films covering the patterned source/drain electrodes as well as the channel, resulting in the formation of a GD field effect transistor. We calculated the field-effect mobility of holes based on the slopes △I d /△V g fitted to the linear regimes of the transfer curves using equation as follow:
where L, W, and C are the channel length and width and the gate capacitance, respectively. Reference: S1. Horowitz, G. Adv. Mater. 1998, 10, 365. 
Scheme of synthesis GD films on ZnO nanorod arrays
Scheme S1 Synthesis of GD films on ZnO nanorod arrays. Figure S7 SEM images of thin films: (a) rough surface and kink sites (marked with arrows) produced by ZnO reduced at the top of ZnO NRs; (b-e) ZnO nanoparticles, which originated from reoxidized Zn droplets, scattered in the GD thin films; (f-h) some nanoparticles lying under a GD film on top of a typical ZnO NR; (i, j) many small GD films produced by a few connected Zn droplets; the GD films are connected by two, three, or more pieces of smaller GD films, with the morphologies of the small GD films being similar to those of the droplets; and (k, l) continuous, large-area, thin GD films.
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Figure S8 SEM images of thick films: (a-c) ZnO nanoparticles scattered on GD films; (d) cross-section of a thick GD film covering the tops of ZnO NR arrays; (e, f) continuous, large-area GD films; (g, h) rupture between GD films and some regrowth of gathered ZnO nanoparticles; and (i, l) continuous, large-area GD films with gathered, regrown ZnO nanoparticles.
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Figure S9 SEM images of GD grown on the different substrate: (a) Si, and silicon slide covered with a layer of (b) Au, (c) Ag, (d) SiO 2 , and (e) ZnO nanopartilce film. 
